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. ins ruction and computer—-ass:.sted instruction despite the fact that there . n?

is li‘ tle substantiating evidence for the assumption that KR f‘acilitates

in programed instruction Much of the research cOncerning the :

- 'effects of\KR on lea:m.mg indicates that 'programs teach as well or be(tter

\

when continuous KR is not present (Moore & Smith, 1961 Feldhusen & B:Lrt

R 1962 Keunboltz & Welsman, 1962 Houg;h & Revs:.n, 1963; Ripple" 1963, o
Lublin, 1965; acobs & Kulkarni 1966 Blank & Pysh 1970) \It\should
. be noted that in each study cited above, KR was operationally defined as.

.
the presentation of the correct answer- in printed form following ’Ehe
/

student's response . 'The application of KR need not however, be restricted
“ to pr:Lnt mode- ’for lessons administered via a computer——oased educational
(CBE) system; rather, KR may subsume a larg;e variety of stimulus modes

| presented after the student' ;respon..,e Since the* reinforcing effect of '
j' KR is questionable when KR refers to printed feedback the need for an
alternative *s :Lndicated. The :Lntention of this ‘paper is to suggest a
‘mode of presenting KI-} that is unique:ly compatible with a dynamic computer—-

- based educational system such as PLATO IV 1

»

. NEW MEDIUM WARRANTS NEW PEbAGOGICAL APPROACH

L)
L3

‘ A sophisticated CBE system can be used effectively for the traditional
pedag;ogical functions of diagnosis, prescription, and presentation of |
sub,ject matter In ,this role, the system models the best of teachers and
- may be thought of as a subptitute for the human lmtmctor. But the

computer ] application to education can transcend the Timits of performing

‘ 3 . , Al




E _'prev:L usly unavailable to the student. One example of a new leaming
nt is a simulated laboratory experiment The student in this

. 'the results“of :gms manipulations inmediately calculated d displayed .
lto hi_m (For sp@c}igic descrg.ptibns of, such lessons see Bitzer et al
'1971 and 1972.) \w th the advanced computﬁg and display capabilities
-come exciting possibilities in t}}e desig;n of c eware 2 Yet there
N i  seems to be a tendency to rely on traditiOnal educationa_'l. styles and.
practices despite the fact ‘_hat the new medium warrants innovatii“/e
_.-Tpedagogical approaches that embody '.Lts unique features « Many CAI programs,
" for example, supply reinforcement in the for.m of printed KR sometimes in ,
corrbinatlon w:Lth ‘social reinforoers as in the’ auditory message, v"Good
Jolmny. Your answer-is right .." .Such an application is a lcarry—over ' )
‘from the traditional classnoor_n and does’ not inc‘or-porate *.the full potential v'
- .ofa CBE,, system in _administering k:nowle‘dge of results. "Ihe.system can |
o respoﬁd to the student in a’mode -mOre oorrlriensurate with its capabilitiee

Iit J.u proposed ﬁere that rather than supply KR through printed or auditory

mess age.s alone, the system should be progr'arrme.d to respond with appropriate '
. and. interesting changes in the ﬁ.sual display a.:}well——changes involving_ |

plctorial or g;mpnic anima‘gion‘ The key WOrd is respond° the systemv _

should respond to the student!'s aqtions via every possible mode. - Pre-

. sentations of KR whlch are not restricted to print or verbal modes ‘but
whieh involve graphi.c or pictorial modes will b<, referred to as multimode

| knowledge of resulte.

-
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'.MULTJMODE KNONIEDGE of RESUIS .0 A T

Per'haps the,nature of multimode knowledg'e oi; results ma,y bestv"be»' >
- urevealed through example..' Some 1earning env:lronments :!nher-ently a.llow‘

' for hig;her' level feedkpack. One example is a 1eSson for a young, child

| experimenting with wo[rd Creati{an. . Using a sdphisticated CBE system, the
. student may - Type d—Ov-*g onto the screen of hi= term,inall, the sxstem ca_n_ |
respond to the child's creation of a real work.bj/ pronoun’c_mg.thewq‘ra, ,
"displaying { pictorﬁal example of t_he, word (pic.'.tur’e' of' a dog) supplying
'appmpriate ‘sound, effeots pé"a.rjf;arf") , and u.:ing the wor'd in context._

earning tasks lend themselves $o visual

| © Unfortunately, not all
- presentations -of tr}esponse consequence. Lesson formats whi!h allow for'
: LI ) [ v : \ /

_ multimode knowledge of results be engine =red for uch learning; tasks.

The lessons cited below have been thus- desig'led by the author for the
PLATO v system, The first 1esson is a simple pr'actice and drill fo;' the : -

" young child learning letter-sound assdclations. The child sees four
‘magleians' hats, each containing a different|Ietter, on the display

screen. ™ He is 'g'ive'n a phoneme aurally as a referent andvis asléed_ to point

o

to its corresponding lettpr. If the child chooses the correct letter,

o

a bumy hops out of that hat ag a reward (Fip. 1) and a positive audio message .
is glven. (The pictorial animation of the hopping bunny along with the

-~

_verba& message constitute multimode KR ) A #urong response evokes no

imnediate action on ‘the sq;c'een but the child does receive verbal feedback.

In this 1esson, the student knows that only a cor'rect r'esponse results in.

| ‘an inter'esting change on the ‘sqreen. Perhaps this knowlédge motivates

him to- r'espond correctly not' on;Ly for the sake .of knowing he is "rig;ht" oo

! <

‘ but also for the reward of seeing an anusing animation on the scr-een. :

~
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- Fig. 1 Drill and practice lesson  «
e , . - - " on grapheme~-phoneme cor'respondence.‘




| Another lesson displaying the featur-e of nmltimode KR was designed
for a child with no previous experienqe with PLATO. ’Ihe child must 1éarn .
to respond to the machine by touching the display screen sccordingly. =
He first learns to touch a prespecified area-on the screen: fol]owing a
brief animation involving a f‘rog » the child is to touch the rather small '

f‘rog; (one inch higm) with his finger. It will hop across the screen if

touched accurately (Fig. 2) and the activity will be cpntinued until the child
has a.ccurately pc,rformed several .,uccessive touched. KR 1s Ymplicit; that is,t
. frog will hop only when properly touched. (Verbal feedback-is provided , _ '
.honever, when the child is 'responding incorrectly.)’ This sctivity is
f’ollowed by a c:iHLLlBI’ activity in which the child himself‘ chooses the
ofvthe‘ sereen <o be touched. The frog hops to the po:’Lnt on the screen :
which the child hus cpecified by touching. The final portion of the Lessn
involves a diuplay of animals that wrltc thc chlld's name on the. s ggmen
{ﬁi‘ig 3) move, or tell' amusing jlnglec (I"ig. Iy and 5) when accurately touched
- by the child In all portions of the le son, then, correct responses (i e..
f accurate touches ) are rcwarded by thG.LI‘ appcaling, “and .,tlmulating; con~ -

..

uequence B : .

As 11llustrated above, muitimode lmowledge of x:esultg involves feed-
‘back beyond the fundamental level used in MOSt programs. It may involve
a.clmple stimilus such as briphtening letters that‘f are correctly ‘\idcnt:l,fiecl :
(Fig. 6) or letters' in a correctly identified word (f"ig- 7); or it'may |
entall a more elaborate display such as pletorial animation (Fig. 9 and 10).
In any case, 'it provlde., Information to thg: learner dbout the adeguacy of

his response in a less diveet yet perhaps more reinforcing manner than

simple KR. Ar gtudent may not be reinforced merely by vhearing from a machine
that he is "right", but there i reason to belleve that, in gefietal,
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children will be Z'étivated to reSpond in ways that result in interesting '
visual changesw?pd st:ixrulating* diSpjlays. S SRS

N »

'MOTIVATIONALF(XINDATIO;\I ST

' . T

, '.Ihe theory or motivatim supporting the use of nmltimode knowle,dge ’ .'
-~ of results is effectance nntivation, which 'is iribom desire to effect T
 stimulating changes in the enviroment with wicithe is dealing g
S—— '._"desire to deal with the environment and. cause changes in it has been ‘ '_
| ‘recognized by many a8 a mtiyational i‘orceg. Schachtel (1951) cla.'lms tha‘t ,
rpén has a‘ "relatively autonomous capacity For obJect interest" and that R ) NS
'this interest in the environment is potentialw inexhaustible. WOO(mr'th
(1958) considers the tendency to deal with the env:[rorment basic in moti-
vation. Het claims that direction of activity toward the env:lronment s ,-;'
_ | "'the fundamental tendency of animal and human behavior and that it is the - SR
N all—pervasive primary motivation oi‘ behavior. ", White (1959) suggested , :
. . the pxaeviously mzntioned tem, ei‘fectance motivation, Lo describc a child'
interest in causing pronounced ef:t‘ects upon the environment»by making '(,. S |
sornthin{:, happen as a consequence oi‘ his activitys He contends that‘ a. . . o
, cfﬁld is interested in o M changes which oi‘fer as Hebb (191#9) puts .. " . |
. , 4, "difference—-in—sameness";v that, is, intere.,t 15 best maimta:lned wnen o i
: »the ehild's action proﬁnces one par'ticular' change in the stimilus field R .
'while the remaz!nder- of the f‘ield stays constant.- “That; is not to :lmply that -
‘ v&aite believes effectance motivation is involved in every action resulting ’
| -An some change,}i vInterest is arouseg\ aoconding(to his: theory, onJy when
g; change(in someth:lng that hé 15 attending to. White uses
dei‘imhg his notion of ei‘fectance. ’

ans directing focal attention to come par't

Lthe Child sees
‘the idea of foq:ai atitention3N

Dee.ling with the enviromnent i /

“ : 3
.



of it and organ}zing actlons to have some effect on th_ls- pa.rt | .
e l 7
) As applled to 2 controlled lea.mmg envnronment Wh:Lte S theory of

. CeE

effectance motlvatlon 1mplies that the Student will beé motlvated to resrﬂbnd

L)

SO as to -effect stmmlating changes in what he is watch:mg Hence, the

~

, assumptlon can be made based on the theory of- effectance @tlvation, that ¥ _0'”’ V.
- a student Wlll be more hlghly motlvated in the ef‘flcacious s1tuat10n Coe e

'afforded by multimode KR’ than in the tradltlonal learr&ung emqrorment \ ( s

- .

- . - ) ‘ - N

accompany%fgfundamen’calKR I ' ' SRR R

EOIE\mIALfEJ:NFOF%ER P S .
Maripulation of and. mteractlon w1th the env:ronment have already '
been recognlzed as poss1ble remforcers in :mstructlonal systems (Ge1s &
¢+ Chapman, l97l) Glase'r (l969) c;Ltes "overt contml of thé physical

env1ronmen " as a potentlally powerfu\l re:.nforcer in programed learm_ng

He Says tlrla’r actlons causmg a change in the stm;ulus dlsplayed to the

individual “may be re:mforced by that change. (Indeed a number of studies

_have shown that v1sual as well as other types of s.blmulus change can be

reinforc;mg, Cof'er:& Appley (196/4) present an excellent review of such

-experiments. ) oo T . ®
'I'he remforclng nature of. eff'ecEa‘neé plays an mportant role in the

\ n»y\

”responslve env:Lronments" descrlbed by Gotkln (1966) and Moore & Anderson -
(1969‘) ' 'Ihelr ta_'lk_mg typewriter is engmeered to respond to the student's <
exploratlons b‘y :Lnformmg th Jmmediately about the consequences of h_lS
lactions The ta_lk_mg typewriter closely approxmates multJmode lmowledge

of results but -1s lacklng the capablllty to prov:Lde COmputer—based pictorial\

and graphit am_matlon » ,' N
@If multimode knowledge of results proves to be arr effe,ctlve reinforcer,
. ~ . /‘ \\ ‘. }i‘ . s




.

1t will be a welcomed alternative to tr'adltlonal KR.,

points out,

As Got
the assumptiOn that "gettlng an, answer' cor'rect and being told S0, w111 be

5

‘ «

!
An explor’atory study was conducted to probe the assumption that 1

just as gffective a reinforcer as a plece ofl candy" is apparentl

rrdstaken .

\
N
\

multimode knowledge of results is superior to tr'adltiOnally pr'esented KR. o

Specifically, the stu,dy is deslgqed to deter-m.me if a lesson mvolvang

multlmode KR mainta_ms the student's 1nter'est and attentlon better' than a

version of the lesson providing only f‘undamental KR. Alsd explored Q

'1 -

’the study -is the r'elatlve merit of p1ctor'1a1 for'mat in a lesson conmpared

‘with a bas:.c lesson dlsgay, where p1ctor'ial f'

of nonessentlal d:Lsplay elements (plcttmes)

_ the student's attentlon as effectlvely as a mol

!

r'mst refers to the. mclusln
\ ©

f a simple display holds . \

[ . i L,
e eldborate display, desire : *

- for' cost efflclency favors the former' approach<

N

Pittorial format may also /'/.

affect the power' of multlmode KR in ma_mtalnlng mterest that is p1ct/r'1al

anjmatlon may' differ’ ,_n effectlveness from a s,lmple change in the v1sual

st:unulus . . , ‘

SUBJECTS AND DESIGN

-

|

5@"'

I ' -

The study involved Lcnder'gar'ten children from Washmgton 'Elementa.r'y

ﬂSchoo;l In Champalgq, Illinois.

The students wer'e r'andomly assigned by ;

‘computer to four. tr'eatment groués, each group r'ecelvn.ng a version of a

less0n presented via PLATO.

.

A two X two factortial analysls of ;v,;arlance

was used to access the effecﬂts\ of the two independent variables——type .

of MOWledg'e of results ‘and type of display fonnat--—on thew or* dependent

variables:

from the. Tesson (T,), adjusted total t1me (T, =

v

o
o -

7

/\A

total tJ.me spent in the lesson (T ), amount of time distr'acted _

T, - ) and percent tnme

v



distracted of total time (T = 100(T,/T;)). Tn addition six other

dependent variables were assessed: total number of responses, number' of
I . ‘. . ‘_!. . . \ - c.

' correct pesponses, number of incorr'e\ct reSponses per'cent. r'esponsesm

‘mcorrect number' of responses per minute, and number of lette:r's cor'rectly

~ A\ Gt

identified on the criterion test. ('Ihe cr'lter'lon test r'equ:Lr'ed the student

to'say each letter name that he knew aloud as it appeared on the. scr'_een.)

. . - .- .
. . . 4 . L

‘.MATERIAI_SANDAPPARATUS . ' T e oo

Each S recelved a vers"lon of a drlll and pr'actlce lesson on letter'

nann_ng pr'esented via PLATO IV, a computer'—ba.sed educational system featurlng
' " a random—access audio dev10e and a touch panel (a touch sens1ng panel whlch ' -
allows the child to r'espond s1mply by pomtjng to the answer) ‘he task K

o 'E’ “'—*'-
remamed the\same for' all four ver's1ons of the less\on " The student was’

r'equnred t0 choose (f‘r’om &- f1eld of five) the letter named ver'bally - The
four versions-.of the lesson differed only m-type of display format and
type of KR while all other features remained ,cons\Eant. Audio messages, h

inclu,djng diirectlons and f‘eedbackg were identical - Follow a correct .

responSe, all gr'oups recelved a message randomly selecte bet "That 's .
right!" ahd "Good!”. An mcorrect response was followed by a message ran-—

vtv

domly chosen from:

Y_ N ' No, touch a different letter.

. * No, pick another. - o o )
s No, try again. ) )

y
Also held ;gonstant across conditions was the allowable response rate; all

versions allowed a maximum of six -correct r'esponses per minute.
" Type of KR varied between ver-sions with two groups r'eceiving only a

pos%tlve audio méssagé and the other two receiving the audlo nmessage plus

a change in the v:Lsual stlmulus ff‘ollowmg a correct r'esponse. Type of display

| forrpat also ‘varied between versions with two groups ‘seeing a simﬁe display

i5

4
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of the five letters only while the other two groups saw the letters in a\

pictorial setting of five carrots and a bunny rabbit. (Fig. 8)

~ E . ’ ' .
L] \ ) 1

PROCEDURE |, | ‘

. '\\ ® \\ .
Each of the 32#sswas run indiviudally on PLATU; beginning with a \
. ] . i ‘ * T . \
10-15 minute "warm up" time using lessons or games not directly related \

to the éubject matter of the exhermental conditions. This slflor't time

period was ':anluded so as to dissipate any novelty effects of emcount_er'ing
PLAIO.' Just.beque entering the target lesson, the student was instructedl

-byl an audio ;ﬁessage that he would be alloweq-to -‘spend ‘as r’nu‘ch 013‘ as little_ i
time in the lesson as he wished before pfoce_ding to another le_s_sen. S was )

' J‘l.nstr_r*ucted%o inform the pr'octer' when-“,r'eady to stop. The compute\i:"\‘sterted -

" an internal clock when the lesson ‘started and stopped it when the lessdn

terminated. |Thus Tl was recorded by the tenm.nal itself while T2 was kept‘

by the observer. (To mcluded time S's head was not directed toward the

PLATO screen.} With the exceptlon of T, and the score on the cr'iter':Lon

(2.

test, all other measures were gathered arid stored by the system; following

1 data was displéyed on the screen ang,- was recorded E'or' )

I

each session,

photographed. ) ;
HESULTS c

4 r'evealed the information pr'esented in Tables

Analysis o varlance

rIhe \total and dlstr'acted time means are hig;her- arLd

"1 through 5 below.
lower respectively

‘KR groups, but th dlfferences are, “not sfatistically 31g;niflcant The

|

. adjusted total time means for the multimode ‘KR COndlthl’lS are higher'

"\\

\

than those of the sjmple KR gr'oups and the difference between conditlons

does a@roach signlficanqe. The niost interesting result, however',,-is}‘,the . ,

<

. .difference in T d_s:c:o‘res between the multimode KR conditions and the simple:
) LY ' ‘ .

; T X




KR conditions. Sy

.larger proportiqn

of their time attending to

bjects in the ‘multimode coxzitions spent a significantly

«

~

he lesson than did Ss in the

other two.g:%@bs. | . g
J Table 1 Group Scores .
|
~ | Tyge of .
KR Multimode Simple
Type , - : . o
Fggmét | ;L T, T | T, T3 T, 5 Ty, Ty
' ‘mearr - U16.9 21.2 359.7 4.9 307.8 145.1 263.9 17.5
Pictorial o .
s.d. 159.7 17.7 145.7 3.4 121.5 26.2 123.7 13.8
_Simple. mean 392,01 *0L.T 35L.3 9.3 301.7  50.5 291.2 16.%.
s.d. 170.6 50.1 147.5 9.1 || _ 154.7 29.8 153.7 10.3
Table 2 " x .
Analysis of Variance for ,
- vependent Variable T, (Total time)

Source of variation . d.f. mean square F Ratio Probability

Type of KR 1 ] s1,096.1 Y - 2.19 ' - .15

Type of Format * 1 o 175.3 .01 .93

KR x Format 1 | 6,818.2 .29 .59

error g 28 23,330.61 :

("
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: © - Table-3 - . . : .
Analysis of Variance for .
Dependent Variable T, (Dis’gracted Time)
{ourcé of variation d.f. mean square |  F Ratio Probability.
Type of KR ' 1 | 2,211.1 2.0, .17
' Type of Format , * 1 ] 12751 ' 1.15 .29
“a ‘ L o [

KR x Format | b2h.9 . .39 .54

. ‘error . 28 1,099.4

" Table U
. ' >
Analysis of variancé for ,
Dependen variable T8 (Ad,justedmtotal time-) s
Source of Variation l\\ d.f. ~iean square F Ratio Probabiligy
N ' A \: : L “ “"",
Type of KR 1 64,297.0. . 3.11 | .09 *-
Type of Format 1. 1,749.4 < .08 | 7
KR x Pogmat 1 14,170.8 69 | .m
‘0.' ) - ° & .
* error , - 28 ~ 20,681.2. ’
oo . © Table 5 o
P Analysis of Variance for' \ ,
Dependent Varlable Td (7 time distr'acted) :
: ‘oz ' : o
Source of Variance d.f. ~_mean square F Ratio Probability .
» ° . ¢f o ! . ’ v

_Type of KR, ;" - © 1 | LT 7.90. . .009%
Type of Format 1. 21.5 22 .64

KR x Formdt - o1 . 62,1 .~ 7 63 .43 |

: . A _ ' N ?‘
error . 28 Y 98.0
i : / - } ‘ : ) —_—

¥ p'is significant at the .01 level

18y



DISCUSSION )

The results suggest that multimode KR may indeed be superior to
_ simple KR in aining the student's interest and attention during a
lesson since sub ects in the two multimode conditions were less distracted
than those in the simple KR conditions—-the former group spent a, larger
percentage of their time attending to the lesson, It must be pointed out,
however, that Ss receiving only the audio message seemed to direct their-:
attention toward the audio device (located next to thHe PLATO terminal
itself) during»feedback while the Ss receiving a visual stimulus'along with

. the audio message seemed to look at the screen during feedback The amount

of time $s head was directed toward anything other than the screén.

‘(including the audio dev1ce) was recorded as distracted time Perhaps

.

the effects of type of KR would be different if distracted time was re-
defined as time spént not looking at some component of the PLATO s§stem
'VUespite this fact, the results of the study are such that further inVestigation
of the hypothes1s is wa:g\-ted. The possibility remains that multimode
knowledge of results may serve as a reinforcer in computer-based education.

T&pe of format had no effe;t on the dgpendent variables in this study.
One posSible explanation may be that the children spent all or part.of their
warm @p period with pictorial lesson materials -and nay have experienced a )
Tsatiation effect‘on,their'ihterest in pictures. Although this study does not
suggest~any direction for future research concerning the effects of pictures
in lesson material, the author belieres’that researchaof that nature is

*

£
needed to guide proper. courseware development on PLATO.
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NOTES

L}
l -
For a general description of the PLATO system and its uses see\ 3
Bitzer et gz}_ (1971 and 72) a.long with the following: ' ‘ ;

Alpert, D. and Bitzer, D.L. Advances in Computer—based
Education. Science 176, p. 1582.

Lyman, E. A Summary of PLATO Curriculum and Research Materials,
Computer-based Education Research-Laboratory\(CERL) Report
X-23.  (August, 1972) L \ g '
S

- Courseware refers to lesson matgrials for a CBE/ sﬁem as distinguished
from hardware and sof‘tware

b

3 ' o o
Focal attention as conceived by Schachtel refers to the &dividual's
focusing or centering of attention on one particular object or event

- in the -envirorment to the exclusion of the remainder of the field.

y . . . _

The author wishes tqgthank Richard J. Lutz and A. Avner for their
assistance with the statistical analysils-and for Priscilla Obertino’
for her assistance as proctor. The statdStical analysis was performeéd
through the -use "6f STAT, a PLATO lesson developed by A. Avner, and
the SOUPAC package of the University of Illinois, Urbana. -

5 rY
The animal figures shown in all photog;r'aphs of the PLATO displays were
created by Lezlie Fillman.

L d
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